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IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicants: Hubert DE STEUR; Marcel HEERMAN; Jozef Van PUYMBROECK 

Int'l App. No.: PCT/DEOO/03426 
Application No.: NEW 

Filed: March 29, 2002 

For: METHOD AND DEVICE FOR LASER DRILLING ORGANIC 

MATERIALS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents March 29, 2002 

Wastiington, DC 20231 

Sir: 

The following prehminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE CLAIMS 

Please amend the claims as follows: 

1. (Amended) A method for laser drilling of organic materials, comprising: 

using a frequency-doubled Nd-vanadate laser for the laser drilling, wherein the 
laser includes the following laser parameters, 
pulse width < 40 ns, 

pulse frequency > 20, and 
wavelength = 532 nm. 
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2. (Amended) The method as claimed in claim 1, wherein a laser pulse width of 
< 30 ns is used. 

3. (Amended) The method as claimed in claim 1, wherein a focused laser beam 
with a spot diameter of between 10 \im and 100 jxm is used. 

4. (Amended) The method as claimed in claim 3, wherein a focused laser beam 
with a spot diameter of between 20 jxm and 40 jim is used 

5. (Amended) The method as claimed in claim 1 , wherein additives which 
absorb well laser beams with a wavelength of 532 nm are admixed with the organic material. 

6. (Amended) The method as claimed in claim 5, wherein at least one of an 
inorganic pigment, an organic pigment, at least one polymer-soluble dye and at least one 
fibrous filler is used as the additive. 

7. (Amended) The method as claimed in claim 6, wherein at least one of an 
inorganic red pigment and one organic red pigment and one polymer-soluble red dye is used 
as the additive. 

8. (Amended) The method as claimed in claim 6, wherein between 0.1% by 
weight and 5.0% by weight of pigments are admixed with the organic material. 

9. (Amended) The method as claimed in claim 6, wherein between 1% by 
weight and 2% by weight of pigments are admixed with the organic material. 

10. (Amended) The method as claimed in claim 5, wherein the organic material 
has, as a result of the admixing of the additives, a degree of absorption of at least 50% for the 
wavelength 532 nm of the laser radiation. 
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1 1 . (Amended) The method as claimed in claim 5, wherein the organic material 
has, as a result of the admixing of the additives, a degree of absorption of at least 60% for the 
wavelength 532 nm of the laser radiation. 

12. (Amended) The method as claimed in claim 5, wherein the organic material 
has, as a result of the admixing of the additives, a degree of absorption of at least 80% for the 
wavelength 532 nm of the laser radiation. 

13. (Amended) A device for the laser drilling of organic materials, comprising: 
a frequency-doubled Nd- vanadate laser with the following laser parameters, 

pulse width < 40 ns, 

pulse frequency > 20 kHz, and 
wavelength = 532 nm. 

Please add the following new claims ; 

14. The method as claimed in claim 2, wherein a focused laser beam with a spot 
diameter of between 10 ^im and 100 \xm is used. 

15. The method as claimed in claim 14, wherein a focused laser beam with a spot 
diameter of between 20 |iim and 40 jLtm is used. 

16. The method as claimed in claim 7, wherein between 0.1% by weight and 5.0% 
by weight of pigments are admixed with the organic material. 

17. The method as claimed in claim 7, wherein between 1% by weight and 2% by 
weight of pigments are admixed with the organic material. 
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18. The method as claimed in claim 6, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 50% for the wavelength 
532 nm of the laser radiation. 

19. The method as claimed in claim 7, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 50% for the wavelength 
532 nm of the laser radiation. 

20. The method as claimed in claim 8, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 50% for the wavelength 
532 nm of the laser radiation. 

21. The method as claimed in claim 9, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 50% for the wavelengtii 
532 nm of the laser radiation. 

22. The method as claimed in claim 6, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 

23. The method as claimed in claim 7, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 

24. The method as claimed in claim 8, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 
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25. The method as claimed in claim 9, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 

26. The method as claimed in claim 6, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 80% for the wavelength 
532 nm of the laser radiation. 

27. The method as claimed in claim 7, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 80% for the wavelength 
532 nm of the laser radiation. 

28. The method as claimed in claim 8, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 80% for the wavelength 
532 nm of the laser radiation. 

29. The method as claimed in claim 9, wherein the organic material has, as a result 
of the admixing of the additives, a degree of absorption of at least 80% for the wavelength 
532 nm of the laser radiation. 

REMARKS 

Claims 1-29 are now present in this application, with new claims 14-29 being added 
by the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-13 of the present appUcation are non-narrowing amendments, made solely to place 
the claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to broaden the claims; 
remove reference numerals in the claims; remove the European phrase "characterized in that"; 
remove multiple dependencies in the claims; and to place claims in a more recognizable U.S. 
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form, including the use of the transitional phrase "comprising" as well as the phrase 
"wherein". Other such non-narrowing amendments include placing method-type claims 
(setting elements forth in separate paragraphs beginning with "-ing") in a more recognizable 
U.S. form. Again, all amendments are non-narrowing and have been made solely to place the 
claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. 

SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
lieu of substitute paragraphs in connection with the present Prehminary Amendment. The 
substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 
specification includes paragraph numbers to facilitate amendment practice as requested by the 
U.S. Patent and Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-29 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the 
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telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § L16 or under 37 C.RR. § 1.17; particularly, 
extension of time fees. 



Respectfully submitted, 

HARNESS, DICKEY & PIERCE, P.L.C 




P.O. Box 8910 

DJD:kna Reston, Virginia 20195 

(703) 390-3030 
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Dcacription 

M ETHOD AND DEVICE FOR LASER DRILLING ORGANIC MATERIALSe fefee^ 
and device for the laacr drilling of organic matcrialo 

[00011 This application is the national phase under 35 U.S.C. § 

371 of PCT International Application No. PCT/ ^^^^^ 

has an International filing date of . which d esignated 

the United States of America, the entire contents of which are 
hereby incorporated by reference. 



Field of the Invention 

[00021 The invention generally relates to laser drilling. 
Background of the Invention 

[00031 It is known from EP-A-0 164 564 to use an excimer laser 
to produce blind holes in a laminate with the layer sequence 
metal -dielectric-metal . The uppermost metal layer of the 
laminate is in this case used as an aperture mask, the pattern 
of holes of which is transferred by means of photolithography 
and is produced by subsequent etching. The dielectric exposed 
in the region of the apertures of this mask is then removed by 
the action of the excimer laser until the lowermost metal 
layer is reached and the removal process is ended. The known 
method is used in particular in the manufacture of multilayer 
printed circuit boards for producing the required plated- 
through holes in the form of blind holes. 

[00041 T he German periodical "Feinwerktechnik & Messtechnik 91 
(1983) 2, pages 56-58, discloses a similar method of 
manufacturing multilayer printed circuit boards, in which the 
blind holes serving as plated- through vias are produced with 
the aid of a CO2 laser. Here, too, the uppermost copper foil 
serves as an aperture mask, with which the copper is etched 
away whereever the laser beam is intended to produce a hole. 



1 
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[00051 D E-A-197 19 700 also already discloses devices for the 
laser drilling of laminates, in which a first laser with a 
wavelength in the range from approximately 266 nm to 1064 nm 
is used for drilling the metal layers and a second laser with 
a wavelength in the range from approximately 1064 nm to 10600 
nm is used for drilling the dielectric layers, 

[00061 U S -A- 5 593 606 discloses a method for the laser drilling 
of laminates in which a single UV laser, the wavelength of 
which lies below 400 nm and the pulse widths of which lie 
below 100 ns, is used for drilling the metal layers and for 
drilling the dielectric layers. Precluding the use an excimer 
laser, metal and organic material are consequently drilled 
with the same UV laser. 

[00071 DE-A-ISS 24 225 discloses a further method for the laser 
drilling of laminates, in which for example an SHG (second 
harmonic generation) YAG laser with a wavelength of 532 nm or 
a THG {third harmonic generation) YAG laser with a wavelength 
of 355 nm can also be used for drilling the metal layers and 
for drilling the dielectric layers. 

[00081 In principle, it can be stated that, in the laser 
drilling of organic materials with UV lasers, that is to say 
with wavelengths below 400 nm, a photochemical decomposition 
of the organic materials takes place. Consequently, no 
burning occurs and, on account of the extremely small or non- 
existent thermal loading, in the case of laminates no 
delamination occurs. By contrast with this, in the laser 
drilling of organic materials with CO2 lasers, a thermal 
decomposition of the organic materials takes place, that is to 
say burning may occur and, in the case of laminates, there is 
the risk of delamination. In comparison with UV lasers, 
however, considerably shorter machining times can be achieved 
with CO2 lasers in the drilling of organic materials. 
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[00091 EP-A-0 478 313 discloses the so-called SLC (Surface 
Laminar Circuit) method, in which initially a first wiring 
level is produced on a base substrate. Then, a dielectric 
layer of a photosensitive epoxy resin is applied to this first 
wiring level by screen printing or by curtain coating. Then, 
blind holes are produced in the dielectric layer by 
photolithographic means, by exposing and developing. After 
the chemical and electrolytic copper-plating of the walls of 
the holes and the surface of the dielectric layer, the second 
wiring level is produced by structuring of the deposited 
copper layer. Further wiring levels can be produced in the 
way described by the alternating application of photosensitive 
dielectric layers and copper layers. 



SXJMMARY OF THE INVENTION 



[00101 An embodiment of the present ^ ?tee- invent ion- 
claimo 1 and 13 is based on the problem of permitting rapid 
production of blind holes or through-holes without thermally 
damaging the material in the laser drilling of organic 
materials . 

fOOll] An embodiment of the ^ ?fee — invention is based on the 
finding that, with frequency -doubled Nd- vanadate lasers with a 
wavelength of 532 nm and short pulse widths of below 40 ns, 
layers of organic material can be machined with short 
machining times and without the risk of burning. In this 
case, pulse frequencies of > 20 kHz are chosen for the laser 
drilling of the organic material. In the laser machining of 
the organic materials there is a combination of photochemical 
and thermal decomposition, which in comparison with UV lasers 
permits shorter machining times and in comparison with CO2 
lasers avoids excessive thermal loads. It can be regarded as 
a further advantage that, with the same Nd-vanadate laser, 
metal layers of laminates can also be drilled. For the 
drilling of metal layers of this type, pulse frequencies of > 
30 kHz are then chosen. 
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[00121 T he frequency- doubled ND- vanadate laser selected 

according to an embodiment of the invention for the drilling 
of organic materials permits very high pulse frequencies, 
which may even lie above 100 kHz, with low pulse widths of 
less than 40 ns. The high pulse frequencies in this case 
permit fast and effective machining of the organic materials, 
while very low thermal loading is ensured by the low pulse 
widths. With other lasers which operate with similar or the 
same wavelengths, a combination of this type, with high pulse 
frequencies and short pulse widths, cannot be realized. For 
example, in the case of the SHG-YAG laser known from DE-A-198 
24 225, at higher pulse frequencies it is only possible to 
achieve at most pulse widths of 70 to 80 ns. 

Advantage QUO refinement a fefee — method — according — fee fefee 

invention emerge from claimo 2 to 12 . 

[00131 An embodiment further Thc refinement according to claim 2 
can p ermits, by laser widths of less than 30 ns_^ a still lower 
thermal loading of the organic materials or, if appropriate, 
of the laminates during the laser drilling. 

[00141 Using a focused laser beam with a spot diameter of 
between 10 ]iim and 100 iim can according to claim 3 p rovidee 
effective laser machining of the organic materials. Using 
spot diameters of between 20 ^m and 50 |im can allo w according 
to claim 1 allowa the laser machining of the organic materials 
to be made even more effective. 

[00151 An embodiment further can T he — refinement — according — fee 
claim 5 permits- a considerable increase in the machining rate 
by the higher absorption of the laser beams in the organic 
material. The additives are in this case to have a 
significantly higher degree of absorption for laser beams with 
a wavelength of 532 nm than the pure organic material. 
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[0016] A^ ?fee development — according — fee — claim — & can permit-& a 
particularly simple and cost-effective increase in the degree 
of absorption of the organic material. 

[00171 fe eA refinement can furthe r according to — claim 7 permite 
an optimization of the degree of absorption by the selection 
of red additives, since the green light of the wavelength of 
532 nm is absorbed particularly well by the complementary 
color red, 

[00181 ¥ feeA development can according to — claim — 8 — specifyiee a 
quantity range for the admixture of pigments as additive which 
has proven to be particularly successful for increasing the 
degree of absorption without impairing the other properties. 
A!i!fee narrower range specified in claim 9 io to can be regarded 
as optimum in this respect. 

[00191 If the degree of absorption of the organic material is 
increased to at least 50% by the admixture of additives 

according — fee — claim — i-G-? ^^a considerable increase in the 

machining rate in the organic material is already obtained. 
With an increase in the degree of absorption to at least 60% 
according to claim 11 , or to at least 80% according to claim 
iS, the machining times for the laser drilling of the organic 
material can be reduced correspondingly further. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00201 In the examples described below, the following types of 
laser were used: 

[00211 Laser I ; 

Diode-pumped, frequency- doubled Nd-vanadate laser from the 

company Spectra Physics, Mountain View, California, US. 

Designation: T80-YHP40-532QW 

Wavelength: 532 nm 

Power: approximately 8.5 W 

Operating mode: monomode TEMoo 
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Pulse width: 20 ns at pulse frequency of 10 kHz 

Pulse frequency: up to 200 kHz 
Field size: 100x100 mm^. 



[00221 Laser II: 

Diode-pumped, frequency -doubled Nd-vanadate laser from the 
company Haas-Laser GmbH, Schramberg, DE. 



Designation : 
Wavelength: 
Power : 

Operating mode: 
Pulse width: 
Pulse frequency: 
Field size: 



none, since prototype 
532 nm 

approximately 4,0 W 

monomode TEMoo 

2 5 ns at pulse frequency of 10 kHz 
up to 200 kHz 
100x100 mm^. 



[0023] Example 1: 

In the manufacture of multilayer wirings, dielectric layers of 
an organic material are applied in a thickness of, for 
example, 25 |am to the already finished wiring layers by 
curtain coating or by screen printing. An epoxy material is 
used, for example, as the organic material. Then blind holes, 
later serving as plated-through vias to the next wiring 
layers, are made in these dielectric layers without the use of 
masks . 

[00241 For making blind holes in the dielectric layers, the 
laser II was used. Using two galvanometer mirrors for 
deflecting the laser beam, a surface area of 10 cm x 10 cm can 
be machined. Further parameters of the laser are specified as 
follows : 

Pulse width: 3 0 ns 

Pulse frequency: 25 kHz 

[00251 W ith a spot diameter of the focused laser beam of 

approximately 25 |im, the blind holes were made in the 
dielectric layer at the predetermined locations. A pulse 
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frequency of between 10 and 20 kHz was chosen for this. When 
making the blind holes, it was possible to avoid burning or 
other thermal damage, 

[00261 Example 2 : 

With the laser I, blind holes with a diameter of 125 yim were 
made in the epoxy material of an RCC material (RCC = Resin 
Coated Copper Foil) . The RCC material comprised a 12 jam thick 
copper foil and a 60 ^m thick dielectric layer of epoxy 
material. The pulse frequency was 25 kHz. The pulse length 
was 30 ns. 

[00271 U sing two galvanometer mirrors for deflecting the laser 
beam in the X direction and in the Y direction, a surface area 
of 10 cm X 10 cm was machined. For drilling the epoxy 
material, the laser beam was set 1 . 6 mm out of focus (OOF = 
Out Of Focus) and moved in concentric circles in the region of 
the hole. The linear velocity of the laser beam was 900 mm/s. 
After drilling through the epoxy material, the copper layer 
lying underneath was affected only slightly. 

r00281 The drilling of the epoxy material took place at a rate 
of 220 holes per second. 

[00291 Example 3 : 

As a departure from example 2, the laser II was used, with the 
same laser parameters. The drilling of the epoxy material 
took place at a rate of 122 holes per second. 

[0030] Example 4 ; 

As a departure from example 2, the blind holes were made in a 
60 |iim thick FR4 material (FR4 = level4 fire retardant epoxy- 
glass composition) , onto which a 12 i^m thick copper foil had 
been laminated on one side. The results were comparable. 



[0031] Example 5 ; 
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As a departure from example 3, the blind holes were made in a 
60 |xm thick FR4 material, onto which a 12 jxm thick copper foil 
had been laminated on one side. The results were comparable. 
[00321 Example 6 ; 

As a departure from example 2, blind holes with a diameter of 
100 ^m were produced. The drilling of the epoxy material took 
place here at a rate of 3 82 holes per second. 

[00331 Example 7; 

As a departure from example 3, blind holes with a diameter of 
100 |Lim were produced. The drilling of the epoxy material took 
place here at a rate of 212 holes per second. 

[00341 Example 8 ; 

As a departure from example 2, blind holes with a diameter of 
75 jum were produced. The drilling of the epoxy material took 
place here at a rate of 8 00 holes per second. 

[00351 Example 9; 

As a departure from example 3, blind holes with a diameter of 
75 fxm were produced. The drilling of the epoxy material took 
place here at a rate of 4 00 holes per second. 

[00361 Example 10 : 

As a departure from example 2, a modified epoxy material to 
which approximately 1.5% by weight of additive was admixed was 
used. The additive was an organic red pigment with the 
designation "1501 Fast Red" (C.I. Pigment Red 48:1) from the 
company Xijingming, Shenzhou City, Hebei Province, P.R. China. 
This pigment is an azo pigment based on a barium salt. The 
improved absorption of the laser radiation allowed the rate 
for drilling the epoxy material to be increased to 550 holes 
per second. 
[0037] Example 11: 

As a departure from example 10, an inorganic red pigment with 
the designation "Bayferrox™" (C.I. Pigment Rot) from Bayer AG, 
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DE was used as the additive. This pigment is an iron oxide 
red pigment. The results were comparable. 

[0038] Example 12: 

As a departure from example 10, a polymer- soluble 
anthraquinone dye with the designation "Oracet™ Gelb GHS (C.I. 
Solvent Gelb 163) from CIBA-GEIGY AG, CH was used as the 
additive. The increase in the rate for drilling the epoxy 
material was somewhat smaller here. 

r00391 Example 13 : 

As a departure from example 10, the laser II was used, with 
the same laser parameters. It was possible to increase the 
rate for drilling the epoxy material to 306 holes per second. 

[00401 Example 14 : 

As a departure from example 10, blind holes with a diameter of 
100 [im were produced. The rate for drilling the epoxy 
ijji material was 956 holes per second, 

[00411 Example 15; 

J; As a departure from example 13, blind holes with a diameter of 
100 |am were produced. The rate for drilling the epoxy 
material was 531 holes per second. 

[00421 Example 16 : 

As a departure from example 4, a modified FR4 material was 
used, in which, instead of the customary glass fiber 
reinforcement, the epoxy material was reinforced with 
approximately 50% by weight of fibers of a ruby glass. This 
ruby glass was prepared by adding 2% by weight of selenium, 1% 
by weight of arsenic trioxide and 0.5% by weight of carbon to 
a basic glass of the composition Na20-ZnO-4SI02 . 
It was possible to increase the rate for drilling this glass- 
reinforced epoxy material by a factor of between 2 and 2.5. 
[00431 The invention being thus described^ it will be obvious that the same may be 
varied in many wavs. Such variations are not to be regarded as a departure from the 
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spirit and scope of the invention, and all such modifications as w ould be obvious to one 
skilied in the art are intended to be included within the scope of the following claims. 



ill 
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Patent claimD 

What is claimed is; 

1 . (Amended) 4 r^A method for the l laser drilling of 
organi c_-ma t er i a 1 s , comprising; 

characterized by the us ing ^ -&^a. frequency -doubled Nd- 
vanadate lase r for the laser drilling, wherein the laser 
includes with the following laser parameters_^-^ 

—pulse width < 40 ns_^ 

—pulse frequency> 20 , and 

—wavelength = 532 nm. 

2. (Amended) T he method as claimed in claim 1, wherein 
charactcrizod in that a a laser pulse width of < 30 ns is 



3. (Amended) The method as claimed in claim 1 or 2 , wherein 
charactcrizGd — in that — a focused laser beam with a spot 
diameter of between 10 ^m and 100 )Lim is used. 

4. (Amended) The method as claimed in claim 3, wherein 
Gharactcrizcd — is — that — a focused laser beam with a spot 
diameter of between 20 ^im and 40 jam is used. 

5. (Amended) ^The method as claimed in claim le ae — e# — fefee 

prcGodincT claima, , wherei n GharactcrizGd in that additives 
which absorb well laser beams with a wavelength of 532 nm 
are admixed with the organic material. 

6. (Amended) The method as claimed in claim 5, 

wherein charactcrizcd is that at least one of eaean 



inorganic pi gment , and/e^ organic pigment_^ and/ or at least 

one polymer- soluble dye andi-fe^ at least one fibrous filler 
is used as the additive. 



used. 




11 



New Application 
Docket No. 32860-000293/US 



(Amended) The method as claimed in claim 6, 

wherei n charactcrizGd in that at least one of an inorganic 
red pigment and/e*^ one organic red pigment and/^ one 
polymer- solxible red dye is used as the additive. 

. (Amended) ^The method as claimed in claim 6 — ©a? — 

nhnraGtcrizGd in that w herein b etween 0,1% by weight and 
5.0% by weight of pigments are admixed with the organic 
material . 

(Amended) ^The method as claimed in claim 6 — ©3? — 

nharactcrizcd in that wherein b etween 1% by weight and 2% 
by weight of pigments are admixed with the organic 
material . 

0. (Amended) The method as claimed in one of claime 5 to 9, 
characterized in that wherein the organic material has_^_ as 
a result of the admixing of the additives_j_ a degree of 
absorption of at least 50% for the wavelength 532 nm of 
the laser radiation. 

11. (Amended) The method as claimed in claim 5 onc of claima 
■&-^be-9. wherei n Gharactorizcd in that the organic material 
has_^ as a result of the admixing of the additives^ a 
degree of absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 

12. (Amended) The method as claimed in one of claime 5 to 9, 
wherei n characterized in that the organic material has_^ as 
a result of the admixing of the additives^ a degree of 
absorption of at least 80% for the wavelength 532 nm of 
the laser radiation. 

13, (Amended) A device for the laser drilling of 

organic materials, comprising; 

with a frequency-doubled Nd-vanadate laser with the 

following laser parameter s_^-^ 
-pulse width < 40 ns_^ 
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-pulse frequency> 20 kHz , and 
— ^wavelength = 532 nm. 



New Claims 

14. The method as claimed in claim 2, wherein a focused laser 
beam with a spot diameter of between 10 fitn and 100 \m is 
used« 

15. The method as claimed in claim 14, wherein a focused 
laser beam with a spot diameter of between 20 |iim and 40 
|xm is used. 

16. The method as claimed in claim 7, wherein between 0.1% by 
weight and 5.0% by weight of pigments are admixed with 
the organic material . 

17. The method as claimed in claim 1, wherein between 1% by 
wei ght and 2% by weight of pigments are admixed with the 
organic material . 

18. The method as claimed in claim 6, wherein the organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 50% for the 
wavelength 532 nm of the laser radiation. 

19. The method as claimed in claim 7, wherein the organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 50% for the 
wavelength 53 2 nm of the laser radiation. 

20. The method as claimed in claim 8, wherein the organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 50% for the 
wavelength 532 nm of the laser radiation. 

21. The method as claimed in claim 9, wherein the organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 50% for the 
wavelength 532 nm of the laser radiation. 

22. The method as claimed in claim 6, wherein the organic 
material has, as a result of the admixing of the 
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additives, a degree of absorption of at least 60% for the 
wavelength 532 nm of the laser radiation. 

23. The method as claimed in claim 1, wherein the organic 

material has, as a result of the admixing of the 

additives, a degree of absorption of at least 60% for the 
wavelength 532 nm of the laser radiation. 

24. The method as claimed in claim 8, wherein the organic 

material has, as a result of the admixing of the 

additives, a degree of absorption of at least 60% for the 
wavelength 532 nm of the laser radiation. 

25 > The method as claimed in claim 9, wherein the organic 

material has, as a result of the admixing of the 

additives, a degree of absorption of at least 60% for the 
wavelength 532 nm of the laser radiation. 

26. The method as claimed in claim 6, wherein t he organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 80% for the 
wavelength 532 nm of the laser radiation. 

27. The method as claimed in claim 7, wherein the organic 

material has, as a result of the admixing of the 

additives, a degree of absorption of at least 80% for the 
wavelength 532 nm of the laser radiation. 

28. The method as claimed in claim 8, wherein the organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 80% for the 
wavelength 532 nm of the laser radiation. 

29. The method as claimed in claim 9, wherein th e organic 
material has, as a result of the admixing of the 
additives, a degree of absorption of at least 80% for the 
wavelength 532 nm of the laser radiation. 
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Abstract 

Method and dcvicG for the lapcr drilling of organia matGriala 

For the laser drilling of organic materials, in particular for 
making blind holes in dielectric layers, a frequency -doubled 
Nd- vanadate laser with the following parameters is used: 
pulse width < 40 ns 

pulse frequency > 20 kHz 

wavelength = 532 nm. 
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SUBSTITUTE SPECIFICATION 

METHOD AND DEVICE FOR LASER DRILLING ORGANIC MATERIALS 

[0001] This application is the national phase under 35 U.S.C. § 371 of PCT International 
Application No. PCT/DEOO/03426 which has an International filing date of September 29, 
2000, which designated the United States of America, the entire contents of which are hereby 
incorporated by reference. 

Field of the Invention 

[0002] The invention generally relates to laser drilling. 
Background of the Invention 

[0003] It is known from EP-A-0 164 564 to use an excimer laser to produce bUnd holes in a 
laminate with the layer sequence metal-dielectric-metal. The uppermost metal layer of the 
laminate is in this case used as an aperture mask, the pattern of holes of which is transferred 
by means of photohthography and is produced by subsequent etching. The dielectric exposed 
in the region of the apertures of this mask is then removed by the action of the excimer laser 
until the lowermost metal layer is reached and the removal process is ended. The known 
method is used in particular in the manufacture of multilayer printed circuit boards for 
producing the requked plated-through holes in the form of blind holes. 
[0004] The German periodical "Feinwerktechnik & Messtechnik 91 (1983) 2, pages 56-58, 
discloses a similar method of manufacturing multilayer printed circuit boards, in which the 
blind holes serving as plated-through vias are produced with the aid of a CO2 laser. Here, 
too, the uppermost copper foil serves as an aperture mask, with which the copper is etched 
away whereever the laser beam is intended to produce a hole. 

[0005] DE-A-197 19 700 also already discloses devices for the laser drilling of laminates, in 
which a first laser with a wavelength in the range from approximately 266 nm to 1064 nm is 
used for drilling the metal layers and a second laser with a wavelength in the range from 
approximately 1064 nm to 10600 nm is used for drilling the dielectric layers. 
[0006] US-A-5 593 606 discloses a method for the laser drilling of laminates in which a 
single UV laser, the wavelength of which hes below 400 nm and the pulse widths of which 
he below 100 ns, is used for driUing the metal layers and for drilling the dielectric layers. 
Precluding the use an excimer laser, metal and organic material are consequently drilled with 
the same UV laser, 

[0007] DE-A-198 24 225 discloses a further method for the laser driUing of laminates, in 
which for example an SHG (second harmonic generation) YAG laser with a wavelength of 
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532 nm or a THG (third harmonic generation) YAG laser with a wavelength of 355 nm can 
also be used for drilling the metal layers and for drilling the dielectric layers, 
[0008] In principle, it can be stated that, in the laser drilling of organic materials with UV 
lasers, that is to say with wavelengths below 400 nm, a photochemical decomposition of the 
organic materials takes place. Consequently, no buming occurs and, on account of the 
extremely small or non-existent thermal loading, in the case of laminates no delamination 
occurs. By contrast with this, in the laser drilling of organic materials with CO2 lasers, a 
thermal decomposition of the organic materials takes place, that is to say buming may occur 
and, in the case of laminates, there is the risk of delamination. In comparison with UV lasers, 
however, considerably shorter machining times can be achieved with CO2 lasers in the 
drilling of organic materials. 

[0009] EP-A-0 478 313 discloses the so-called SLC (Surface Laminar Circuit) method, in 
which initially a first wiring level is produced on a base substrate. Then, a dielectric layer of 
a photosensitive epoxy resin is applied to this first wiring level by screen printing or by 
curtain coating. Then, blind holes are produced in the dielectric layer by photolithographic 
means, by exposing and developing. After the chemical and electrolytic copper-plating of the 
walls of the holes and the surface of the dielectric layer, the second wiring level is produced 
by structuring of the deposited copper layer. Further wiring levels can be produced in the 
way described by the alternating application of photosensitive dielectric layers and copper 
layers. 

SUMMARY OF THE INVENTION 

[0010] An embodiment of the present invention is based on the problem of permitting rapid 
production of bUnd holes or through-holes without thermally damaging the material in the 
laser drilling of organic materials. 

[0011] An embodiment of the invention is based on the finding that, with frequency-doubled 
Nd-vanadate lasers with a wavelength of 532 nm and short pulse widths of below 40 ns, 
layers of organic material can be machined with short machining times and without the risk 
of buming. In this case, pulse frequencies of > 20 kHz are chosen for the laser drilling of the 
organic material. In the laser machining of the organic materials there is a combination of 
photochemical and thermal decomposition, which in comparison with UV lasers permits 
shorter machining times and in comparison with CO2 lasers avoids excessive thermal loads. 
It can be regarded as a further advantage that, with the same Nd-vanadate laser, metal layers 
of laminates can also be drilled. For the drilling of metal layers of this type, pulse 
frequencies of > 30 kHz are then chosen. 
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[0012] The frequency-doubled ND-vanadate laser selected according to an embodiment of 
the invention for the drilling of organic materials permits very high pulse frequencies, which 
may even lie above 100 kHz, with low pulse widths of less than 40 ns. The high pulse 
frequencies in this case permit fast and effective machining of the organic materials, while 
very low thermal loading is ensured by the low pulse widths. With other lasers which operate 
with similar or the same wavelengths, a combination of this type, with high pulse frequencies 
and short pulse widths, cannot be reahzed. For example, in the case of the SHG-YAG laser 
known from DE-A-198 24 225, at higher pulse frequencies it is only possible to achieve at 
most pulse widths of 70 to 80 ns. 

[0013] An embodiment further can permit, by laser widths of less than 30 ns, a still lower 
thermal loading of the organic materials or, if appropriate, of the laminates during the laser 
drilling. 

[0014] Using a focused laser beam with a spot diameter of between 10 ^m and 100 jam can 
provide effective laser machining of the organic materials. Using spot diameters of between 
20 |Lim and 50 ^m can allow the laser machining of the organic materials to be made even 
more effective. 

[0015] An embodiment further can permit a considerable increase in the machining rate by 
the higher absorption of the laser beams in the organic material. The additives are in this case 
to have a significantly higher degree of absorption for laser beams with a wavelength of 532 
nm than the pure organic material. 

[0016] A development can permit a particularly simple and cost-effective increase in the 
degree of absorption of the organic material. 

[0017] A refinement can further permit an optimization of the degree of absorption by the 
selection of red additives, since the green light of the wavelength of 532 nm is absorbed 
particularly well by the complementary color red. 

[0018] A development can specify a quantity range for the admixture of pigments as additive 
which has proven to be particularly successful for increasing the degree of absorption without 
impairing the other properties. A narrower range can be regarded as optimum in this respect. 
[0019] If the degree of absorption of the organic material is increased to at least 50% by the 
admixture of additives ,a considerable increase in the machining rate in the organic material 
is already obtained. With an increase in the degree of absorption to at least 60%, or to at least 
80%, the machining times for the laser drilling of the organic material can be reduced 
correspondingly further. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0020] In the examples described below, the following types of laser were used: 



[0021] Laser I: 

Diode-pumped, frequency-doubled Nd-vanadate laser from the company Spectra Physics, 
Mountain View, California, US, 



Designation: 
Wavelength: 
Power: 

Operating mode: 
Pulse width: 
Pulse frequency: 
Field size: 



T80-YHP40-532QW 
532 nm 

approximately 8.5 W 

monomode TEMoo 

20 ns at pulse frequency of 10 kHz 

up to 200 kHz 

100x100 mml 



[0022] Laser n: 

Diode-pumped, frequency-doubled Nd-vanadate laser from the company Haas-Laser GmbH, 
Schramberg, DE. 

none, since prototype 
532 nm 

approximately 4.0 W 
monomode TEMoo 
25 ns at pulse frequency of 10 kHz 
up to 200 kHz 



Designation: 
Wavelength: 
Power: 

Operating mode: 
Pulse width: 
Pulse frequency: 
Field size: 



100x100 mm . 



[0023] Example 1: 

In the manufacture of multilayer wirings, dielectric layers of an organic material are applied 
in a thickness of, for example, 25 jim to the already finished wiring layers by curtain coating 
or by screen printing. An epoxy material is used, for example, as the organic material. Then 
blind holes, later serving as plated-through vias to the next wiring layers, are made in these 
dielectric layers without the use of masks. 

[0024] For making bUnd holes in the dielectric layers, the laser II was used. Using two 
galvanometer mirrors for deflecting the laser beam, a surface area of 10 cm x 10 cm can be 
machined. Further parameters of the laser are specified as follows: 
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Pulse width: 30 ns 

Pulse frequency: 25 kHz 

[0025] With a spot diameter of the focused laser beam of approximately 25 jxm, the blind 
holes were made in the dielectric layer at the predetermined locations. A pulse frequency of 
between 10 and 20 kHz was chosen for this. When making the blind holes, it was possible to 
avoid burning or other thermal damage. 

[0026] Example 2: 

With the laser I, blind holes with a diameter of 125 ^m were made in the epoxy material of an 
RCC material (RCC = Resin Coated Copper Foil). The RCC material comprised a 12 i^m 
thick copper foil and a 60 \xm thick dielectric layer of epoxy material. The pulse frequency 
was 25 kHz. The pulse length was 30 ns. 

[0027] Using two galvanometer mirrors for deflecting the laser beam in the X direction and 
in the Y direction, a surface area of 10 cm x 10 cm was machined. For drilling the epoxy 
material, the laser beam was set 1.6 mm out of focus (OOF = Out Of Focus) and moved in 
concentric circles in the region of the hole. The linear velocity of the laser beam was 900 
mm/s. After drilling through the epoxy material, the copper layer lying underneath was 
affected only slightly. 

[0028] The drilling of the epoxy material took place at a rate of 220 holes per second. 
[0029] Example 3: 

As a departure from example 2, the laser II was used, with the same laser parameters. The 
drilling of the epoxy material took place at a rate of 122 holes per second. 
[0030] Example 4: 

As a departure from example 2, the blind holes were made in a 60 jam thick FR4 material 
(FR4 = level4 fire retardant epoxy-glass composition), onto which a 12 Jim thick copper foil 
had been laminated on one side. The results were comparable. 
[0031] Example 5: 

As a departure from example 3, the blind holes were made in a 60 |Lim thick FR4 material, 
onto which a 12 [im thick copper foil had been laminated on one side. The results were 
comparable. 
[0032] Example 6: 

As a departure from example 2, blind holes with a diameter of 100 iim were produced. The 
drilling of the epoxy material took place here at a rate of 382 holes per second. 
[0033] Example 7: 

As a departure from example 3, blind holes with a diameter of 100 ^m were produced. The 
drilling of the epoxy material took place here at a rate of 212 holes per second. 
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[0034] Example 8: 

As a departure from example 2, blind holes with a diameter of 75 ^m were produced. The 
drilling of the epoxy material took place here at a rate of 800 holes per second. 
[0035] Example 9: 

As a departure from example 3, blind holes with a diameter of 75 |xm were produced. The 
drilling of the epoxy material took place here at a rate of 400 holes per second. 
[0036] Example 10: 

As a departure from example 2, a modified epoxy material to which approximately 1.5% by 
weight of additive was admixed was used. The additive was an organic red pigment with the 
designation "1501 Fast Red" (CI. Pigment Red 48:1) from the company Xijingming, 
Shenzhou City, Hebei Province, P.R. China. This pigment is an azo pigment based on a 
barium salt. The improved absorption of the laser radiation allowed the rate for drilling the 
epoxy material to be increased to 550 holes per second. 
[0037] Example 11: 

As a departure from example 10, an inorganic red pigment with the designation 
"Bayferrox™" (C.L Pigment Rot) from Bayer AG, DE was used as the additive. This 
pigment is an iron oxide red pigment. The results were comparable. 
[0038] Example 12: 

As a departure from example 10, a polymer-soluble anthraquinone dye with the designation 
"Oracet™ Gelb GHS (CI. Solvent Gelb 163) from CBBA-GEIGY AG, CH was used as the 
additive. The increase in the rate for drilling the epoxy material was somewhat smaller here. 
[0039] Example 13: 

As a departure from example 10, the laser II was used, with the same laser parameters. It was 
possible to increase the rate for drilling the epoxy material to 306 holes per second. 
[0040] Example 14: 

As a departure from example 10, blind holes with a diameter of 100 ^im were produced. The 
rate for drilling the epoxy material was 956 holes per second. 
[0041] Example 15: 

As a departure from example 13, blind holes with a diameter of 100 |xm were produced. The 
rate for drilhng the epoxy material was 531 holes per second. 
[0042] Example 16: 

As a departure from example 4, a modified FR4 material was used, in which, instead of the 
customary glass fiber reinforcement, the epoxy material was reinforced with approximately 
50% by weight of fibers of a ruby glass. This ruby glass was prepared by adding 2% by 
weight of selenium, 1% by weight of arsenic trioxide and 0.5% by weight of carbon to a basic 
glass of the composition Na20-ZnO-4SI02. 
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[0043] It was possible to increase the rate for drilling this glass-reinforced epoxy material by 
a factor of between 2 and 2.5. 

[0044] The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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ABSTRACT OF THE DISCLOSURE 
For the laser drilling of organic materials, in particular for making blind holes in 
dielectric layers, a frequency-doubled Nd-vanadate laser with the following parameters is 
used: 

pulse width < 40 ns 

pulse frequency > 20 kHz 
wavelength =532 nm. 
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Description 

Method and device for the laser drilling of organic 
materials 

It is known from EP-A-0 164 564 to use an excimer laser 
to produce blind holes in a laminate with the layer 
sequence metal-dielectric-metal. The uppermost metal 
layer of the laminate is in this case used as an 
aperture mask, the pattern of holes of which is 
transferred by means of photolithography and is 
produced by subsequent etching. The dielectric exposed 
in the region of the apertures of this mask is then 
removed by the action of the excimer laser until the 
lowermost metal layer is reached and the removal 
process is ended. The known method is used in 
particular in the manufacture of multilayer printed 
circuit boards for producing the required plated- 
through holes in the form of blind holes. 

The German periodical " Feinwerktechnik & Messtechnik 91 
(1983) 2, pages 56-58, discloses a similar method of 
manufacturing multilayer printed circuit boards, in 
which the blind holes serving as plated- through vias 
are produced with the aid of a CO2 laser. Here, too, 
the uppermost copper foil serves as an aperture mask, 
with which the copper is etched away whereever the 
laser beam is intended to produce a hole. 

DE-A-197 19 7 00 also already discloses devices for the 
laser drilling of laminates, in which a first laser 
with a wavelength in the range from approximately 
2 66 nm to 1064 nm is used for drilling the metal layers 
and a second laser with a wavelength in the range from 
approximately 1064 nm to 10600 nm is used for drilling 
the dielectric layers. 
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Us-A-5 593 606 discloses a method for the laser 
drilling of laminates in which a single UV laser, the 
wavelength of which lies below 400 nm 
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and the pulse widths of which lie below 100 ns, is used 
for drilling the metal layers and for drilling the 
dielectric layers. Precluding the use an excimer 
laser, metal and organic material are consequently 
drilled with the same UV laser. 

DE-A-198 24 225 discloses a further method for the 
laser drilling of laminates, in which for example an 
SHG (second harmonic generation) YAG laser with a 
wavelength of 532 ran or a THG (third harmonic 
generation) YAG laser with a wavelength of 355 nm can 
also be used for drilling the metal layers and for 
drilling the dielectric layers. 

In principle, it can be stated that, in the laser 
drilling of organic materials with UV lasers, that is 
to say with wavelengths below 400 nm, a photochemical 
decomposition of the organic materials takes place. 
Consequently, no burning occurs and, on account of the 
extremely small or non-existent thermal loading, in the 
case of laminates no delamination occurs. By contrast 
with this, in the laser drilling of organic materials 
with CO2 lasers, a thermal decomposition of the organic 
materials takes place, that is to say burning may occur 
and, in the case of laminates, there is the risk of 
delamination. In comparison with UV lasers, however, 
considerably shorter machining times can be achieved 
with CO2 lasers in the drilling of organic materials. 

EP-A-0 478 -313 discloses the so-called SLC (Surface 
Laminar Circuit) method, in which initially a first 
wiring level is produced on a base substrate. Then, a 
dielectric layer of a photosensitive epoxy resin is 
applied to this first wiring level by screen printing 
or by curtain coating. Then, blind holes are produced 
in the dielectric layer by photolithographic means, by 
exposing and developing. After the chemical and 
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electrolytic copper-plating of the walls of the holes 
and the surface of the dielectric layer, the second 
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wiring level is produced by structuring of the 
deposited copper layer. Further wiring levels can be 
produced in the way described by the alternating 
application of photosensitive dielectric layers and 
copper layers . 

The invention specified in claims 1 and 13 is based on 
the problem of permitting rapid production of blind 
holes or through-holes without thermally damaging the 
material in the laser drilling of organic materials. 

The invention is based on the finding that, with 
frequency-doubled Nd-vanadate lasers with a wavelength 
of 532 nm and short pulse widths of below 40 ns, layers 
of organic material can be machined with short 
machining times and without the risk of burning. In 
this case, pulse frequencies of > 20 kHz are chosen for 
the laser drilling of the organic material. In the 
laser machining of the organic materials there is a 
combination of photochemical and thermal decomposition, 
which in comparison with UV lasers permits shorter 
machining times and in comparison with CO2 lasers 
avoids excessive thermal loads. It can be regarded as 
a further advantage that, with the same Nd-vanadate 
laser, metal layers of laminates can also be drilled. 
For the drilling of metal layers of this type, pulse 
frequencies of > 30 kHz are then chosen. 

The frequency-doubled ND-vanadate laser selected 
according to the invention for the drilling of organic 
materials permits very high pulse frequencies, which 
may even lie above 100 kHz, with low pulse widths of 
less than 40 ns. The high pulse frequencies in this 
case permit fast and effective machining of the organic 
materials, while very low thermal loading is ensured by 
the low pulse widths. With other lasers which operate 
with similar or the same wavelengths, a combination of 
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this type, with high pulse frequencies and short pulse 
widths, cannot be realized. For example, in the case 
of the SHG-YAG laser known from DE-A-198 24 225, at 
higher pulse frequencies it is only possible to achieve 
at most pulse widths of 70 to 80 ns. 

Advantageous refinements of the method according to the 
invention emerge from claims 2 to 12 . 

The refinement according to claim 2 permits by laser 
widths of less than 30 ns a still lower thermal loading 
of the organic materials or, if appropriate, of the 
laminates during the laser drilling. 

Using a focused laser beam with a spot diameter of 
between 10 |am and 100 \m according to claim 3 provides 
effective laser machining of the organic materials. 
Using spot diameters of between 20 pm and 50 |im 
according to claim 4 allows the laser machining of the 
organic materials to be made even more effective. 

The refinement according to claim 5 permits a 
considerable increase in the machining rate by the 
higher absorption of the laser beams in the organic 
material. The additives are in this case to have a 
significantly higher degree of absorption for laser 
beams with a wavelength of 532 nm than the pure organic 
material . 

The development according to claim 6 permits a 
particularly simple and cost-effective increase in the 
degree of absorption of the organic material . 

The refinement according to claim 7 permits an 
optimization of the degree of absorption by the 
selection of red additives, since the green light of 
the wavelength of 532 nm is absorbed particularly well 
by the complementary color red. 
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The development according to claim 8 specifies a 
qaiantity range for the admixture of pigments as 
additive which has proven to be particularly successful 
for increasing the degree of absorption without 
impairing the other properties. The narrower range 
specified in claim 9 is to be regarded as optimum in 
this respect. 

If the degree of absorption of the organic material is 
increased to at least 50% by the admixture of additives 
according to claim 10, a considerable increase in the 
machining rate in the organic material is already 
obtained. With an increase in the degree of absorption 
to at least 60% according to claim 11, or to at least 
80% according to claim 12, the machining times for the 
laser drilling of the organic material can be reduced 
correspondingly further . 

In the examples described below, the following types of 
laser were used: 



Laser I : 

Diode-pumped, frequency- doubled Nd-vanadate laser from 
the company Spectra Physics, Mountain View, California, 
US. 

T80-YHP40-532QW 
532 nm 

approximately 8.5 W 
monomode TEMoo 

2 0 ns at pulse frequency of 10 kHz 
up to 2 00 kHz 
100x100 mm^. 



Designation: 
Wavelength: 
Power : 

Operating mode: 
Pulse width: 
Pulse frequency; 
Field size: 



Laser II: 

Diode-piomped, frequency-doubled Nd-vanadate laser from 
the company Haas-Laser GmbH, Schramberg, DE. 
Designation: none, since prototype 

Wavelength : 532 nm 
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Power : approximately 4 . 0 W 



I : i 

1 
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Operating mode : 
Pulse width: 
Pulse frequency: 
Field size: 



monomode TEMoo 



25 ns at pulse frequency of 10 kHz 
up to 2 00 kHz 
100x100 iran^. 



Example 1 : 

In the manufacture of multilayer wirings, dielectric 
layers of an organic material are applied in a 
thickness of, for example, 2 5 ^m to the already 
finished wiring layers by curtain coating or by screen 
printing. An epoxy material is used, for example, as 
the organic material. Then blind holes, later serving 
as plated- through vias to the next wiring layers, are 
made in these dielectric layers without the use of 
masks . 

For making blind holes in the dielectric layers, the 
laser II was used. Using two galvanometer mirrors for 
deflecting the laser beam, a surface area of 10 cm x 
10 cm can be machined. Further parameters of the laser 
are specified as follows: 
Pulse width: 3 0 ns 

Pulse frequency: 25 kHz 

With a spot diameter of the focused laser beam of 
approximately 25 ^m, the blind holes were made in the 
dielectric layer at the predetermined locations. A 
pulse frequency of between 10 and 2 0 kHz was chosen for 
this. When making the blind holes, it was possible to 
avoid burning or other thermal damage. 

Example 2 : 

With the laser I, blind holes with a diameter of 125 \m 
were made in the epoxy material of an RCC material (RCC 
= Resin Coated Copper Foil) . The RCC material 

comprised a 12 firn thick copper foil and a 60 Jim thick 
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dielectric layer of epoxy material. The pulse 

frequency was 25 kHz. The pulse length was 30 ns. 

Using two galvanometer mirrors for deflecting the laser 
beam in the X direction and in the Y direction, a 
surface area of 10 cm x 10 cm was machined. For 
drilling the epoxy material, the laser beam was set 
1.6 mm out of focus (OOF = Out Of Focus) and moved in 
concentric circles in the region of the hole. The 
linear velocity of the laser beam was 900 mm/s. After 
drilling through the epoxy material, the copper layer 
lying underneath was affected only slightly. 

The drilling of the epoxy material took place at a rate 
of 220 holes per second. 

Example 3 : 

As a departure from example 2, the laser II was used, 
with the same laser parameters. The drilling of the 
epoxy material took place at a rate of 122 holes per 
second. 

Example 4 : 

As a departure from example 2, the blind holes were 
made in a 60 |im thick FR4 material (FR4 = level4 fire 
retardant epoxy-glass composition) , onto which a 12 )im 
thick copper foil had been laminated on one side. The 
results were comparable. 

Example 5 : 

As a departure from example 3, the blind holes were 
made in a 60 ^m thick FR4 material, onto which a. 12 \m 
thick copper foil had been laminated on one side. The 
results were comparable. 
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Example 6: 

As a departure from example 2, blind holes with a 
diameter of 100 fim were produced. The drilling of the 
epoxy material took place here at a rate of 382 holes 
per second. 

Example 7 : 

As a departure from example 3, blind holes with a 
diameter of 100 |Xm were produced. The drilling of the 
epoxy material took place here at a rate of 212 holes 
per second. 

Example 8 : 

As a departure from example 2, blind holes with a 
diameter of 7 5 |Am were produced- The drilling of the 
epoxy material took place here at a rate of 800 holes 
per second. 

Example 9 : 

As a departure from example 3, blind holes with a 
diameter of 7 5 pm were produced. The drilling of the 
epoxy material took place here at a rate of 400 holes 
per second. 

Example 10: 

As a departure from example 2, a modified epoxy 
material to which approximately 1.5% by weight of 
additive was admixed was used. The additive was an 
organic red pigment with the designation "1501 Fast 
Red" (C.I. Pigment Red 48:1) from the company 
Xijingming, Shenzhou City, Hebei Province, P.R. China. 
This pigment is an azo pigment based on a barium salt. 
The improved absorption of the laser radiation allowed 
the rate for drilling the epoxy material to be 
increased to 550 holes per second. 
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Example 11: 

As a departure from example 10, an inorganic red 
pigment with the designation "Bayferrox™" (C.I. Pigment 
Rot) from Bayer AG, DE was used as the additive. This 
pigment is an iron oxide red pigment. The results were 
comparable . 

Example 12 : 

As a departure from example 10, a polymer-soluble 
anthraquinone dye with the designation "Oracet™ Gelb 
GHS (C.I. Solvent Gelb 163) from CIBA-GEIGY AG, CH was 
used as the additive. The increase in the rate for 
drilling the epoxy material was somewhat smaller here. 

Example 13 : 

As a departure from example 10, the laser II was used, 
with the same laser parameters. It was possible to 
increase the rate for drilling the epoxy material to 
306 holes per second. 

Example 14 : 

As a departure from example 10, blind holes with a 
diameter of 100 ^im were produced. The rate for 
drilling the epoxy material was 956 holes per second. 

Example 15: 

As a departure from example 13, blind holes with a 
diameter of 100 jam were produced. The rate for 
drilling the epoxy material was 531 holes per second. 

Example 16: 

As a departure from example 4, a modified FR4 material 
was used, in which, instead of the customary glass 
fiber reinforcement, the epoxy material was reinforced 
with approximately 50% by weight of fibers of a ruby 
glass. This ruby glass was prepared by adding 2% by 
weight of selenium, 1% by weight of arsenic trioxide 
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and 0.5% by weight of carbon to a basic glass of the 
coraposition Na20-ZnO-4SI02. 




UJ 
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It was possible to increase the rate for drilling this 
glass-reinforced epoxy material by a factor of between 
2 and 2.5. 
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Patent claims 

1. A method for the laser drilling of organic 
materials, characterized by the use of a frequency- 
doubled Nd- vanadate laser with the following laser 
parameters : 

- pulse width < 40 ns 

- pulse frequency > 20 

- wavelength = 532 nm. 

2. The method as claimed in claim 1, characterized in 
that a pulse width of < 30 ns is used. 

3. The method as claimed in claim 1 or 2, 
characterized in that a focused laser beam with a 
spot diameter of between 10 \m and 100 |am is used. 

4. The method as claimed in claim 3, characterized in 
that a focused laser beam with a spot diameter of 
between 20 jJtm and 40 fim is used. 

5. The method as claimed in one of the preceding 
claims, characterized in that additives which 
absorb well laser beams with a wavelength of 532 nm 
are admixed with the organic material. 

6. The method as claimed in claim 5, characterized in 
that at least one inorganic and/or organic pigment 
and/or at least one polymer- soluble dye and/or at 
least one fibrous filler is used as the additive. 

7. The method as claimed in claim 6, characterized in 
that at least one inorganic red pigment and/or one 
organic red pigment and/ or one polymer- soluble red 
dye is used as the additive. 
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8. The method as claimed in claim 6 or 7, 
characterized in that between 0,1% by weight and 
5.0% by weight of pigments are admixed with the 
organic material , 

9. The method as claimed in claim 6 or 7, 
characterized in that between 1% by weight and 2% 
by weight of pigments are admixed with the organic 
material . 

10. The method as claimed in one of claims 5 to 9 , 
characterized in that the organic material has as a 
result of the admixing of the additives a degree of 
absorption of at least 50% for the wavelength 
532 nm of the laser radiation. 

11. The method as claimed in one of claims 5 to 9 , 
characterized in that the organic material has as a 
result of the admixing of the additives a degree of 
absorption of at least 60% for the wavelength 
532 nm of the laser radiation. 

12- The method as claimed in one of claims 5 to 9 , 
characterized in that the organic material has as a 
result of the admixing of the additives a degree of 
absorption of at least 8 0% for the wavelength 
532 nm of the laser radiation. 

13. A device for the laser drilling of organic 
materials, with a frequency-doubled Nd-vanadate 
laser with the following laser parameters: 

- pulse width < 40 ns 

- pulse frequency > 20 kHz 

- wavelength = 532 nm. 
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Abstract 

Method and device for the laser drilling of organic 
materials 

For the laser drilling of organic materials, in 
particular for making blind holes in dielectric layers, 
a frequency-doubled Nd-vanadate laser with the 
following parameters is used: 
pulse width < 40 ns 

pulse frequency > 20 kHz 

wavelength = 532 nm. 
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Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den tm Nachstehenden nach 
meinem Namen aufgefQhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprQngliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Nannen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wlrd far die Erfindung mit denn Titel: 

Verfahren und Einrichtung zum 



Declaratioflilnci Power of Attorney Forfllitent Application 
Erklarung Fur Patentanmeldungen Mit VoUmacht 

German Language Declaration 



Laserbohren 



von 



organischen 



Materialien 



deren Beschreibung 

(zutreffendes ankreuzen) 
□ hier beigefugt ist. 
J am 29.09.2000 als 
PCT Internationale Anmeldung 
PCT Anmeldungsnummer PCT/DEOO/03426 

eingereicht wurde und am 

abgeSndert wurde (falls tatsachlich abgeandert). 



Ich bestatlge hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliessiich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informatlonen, die fQr die PrQfung der vorllegen- 
den Anmeldung in EInklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtlgkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named Inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Method and device for laser drilling 



organic materials 



the specification of which 

(check one) 

□ is attached hereto. 

IS was filed on 29.09.2000 as 

PCT international application 

PCT Application No. PCT/DEOO/03426 

and was amended on 

(if applicable) 



I hereby state that i have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose infomnatlon which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s; 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Prior foreign appplications 
Prioritat beansprucht 
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(Number) 
(Nummer) 
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Priority Claimed 



9947040.5 



DE 

(Country) 
(Land) 



(Country) 
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(Country) 
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30.09,1999 

(Day Month Year Filed) 

(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 
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(Tag Monat Jahr eingereicht) 



Yes 
Ja 



□ 

Yes 

Ja 



□ 

Yes 

Ja 



□ 
No 
Nein 



□ 
No 
Nein 



□ 
No 
Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer frQheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeBordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne Ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
infonmation as defined in Title 37, Code of Federal 
Regulations. §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 
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(Application Serial No.) 
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(Filing Date D. M, Y) 
(Anmeldedatum T, M, J) 



(Filing Date D,M.Y) 
(Anmeldedatum T, M; J) 



anhanqio 

(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhSngig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



Ich erkiare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemSss Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden kbnnen. 



1 hereby declare that all statements made herein of my 
own knowledge are true and that alt statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwaite) und/oder Patent-Agenten nnit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name and 
Registrationsnummer anfuhren) 



Telefongesprache bitte richten an- 
(Name und Telefonnummer) 



German Language Declaration 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



Customer No. 30§2S-. 



And 1 hereby appoint 



Direct Telephone Calls to: (name and telephone 
number) 

Ext. 



Postanschrlft: Send Correspondence to: 

Harness, Dickey & Pierce, P.LC. 
12355 Sunrise Valley Drive, Suite 350 20191 Reston, Va. 
Telephone: +1 703 390 3030 and Facsimile +1 703 390 3020 

or 

Customer No. 30596 



Voller Name des einzigen oder ursprunglichen Erfinders: 

Hubert De .Steur 


Hubert De Steur 


UnterscJir/l 


ft des BffiHpfers..— ' Datum 


Inventor's signature 
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sn. BELGIEN JR&K 


Residence 

Dronqen, BELGIUM 


Staatsangehdrigkeit 

BE 


Citizenship 

BE 


Postanschrlft 

Treinstraat 1 


Post Office Addess 

Treinstraat 1 


B-9031 Drongen 
BELGIUM 


B-9031 Drongen 
BELGIUM 


Voller Name des zweiten Miterfinders (falls zutreffend): 

MARCEL HEERMAN 


Full name of second joint Inventor, if any: 

MARCEL HEERMAN 


Unterscfir 

A 


itt des Erfinders ^ ^- Datum 


Second Inventor's signature Date 


'merel&ekCbelgien 


Residence 

MERELBEKE, BELGIUM 


Staatgart^horigkeit 

BE 


Citizenship 

BE 


Postanschrift 

AZALEASTR. 6 


Post Office Address 

AZALEASTR. 6 


B-9200 MERELBEKE 


B-9200 MERELBEKE 
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Voller Name des dritten MIterfinders: 

.In7ef VanPMvmbroedi^ 


Full name of third joint inventor: 

Jozef Van Puymbroeck 


Unjwsgh/ift des Erfinders Datum 


nventor's signature 


Date 


Wohnsitz r ^ ^ 

OOSTKAMP, BELGIEN Sl^K^ 


Residence 
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Citizenship 
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Postanschrift 

Korenbloemstraat 17 


Post Office Address 
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B-8020 OOSTKAMP 


B-8020 OOSTKAMP 


Volier Name des vierten Miterfmders: 


Full name of fourth joint inventor: 


Unterschi:ift des Erfinders Datum 
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Date 
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Residence 
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Citizenship 
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Post Office Address 






Voller Name des fUnften Miterfinders: 


Full name of fifth Joint inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 
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Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des sechsten Miterfinders* 


Full name of sixth joint inventor 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 
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